abstract -Objective: Heterotopic ossification (HO) is a complication of the spinal cord injury (SCI). It can result in anchylosis, harming the rehabilitation and quality of life. Previous publications had not elucidated the relation between possible independent variables, the aim of this study. Method: From 230 patients with SCI, admitted in 1998 at Hospital SARAH Brasilia, 33 with HO (14.3%; CI95% 10.1-19.6) were compared with 33 controls. The risk factors had been tested in bivariate analysis and in a model of logistic regression. Results: Spasticity (odds ratio=3.8; CI95% 1.15-12.30), number of pressure ulcers (2.1; CI95% 1.08-3.89) and time lapsed since the injury (1.1; CI95% 1.02-1.24) were independently associated with HO. There was a confounder effect among these variables, without interaction. Conclusion: Spasticity, pressure ulcer and time of injury are associated with HO in spinal cord injury. The first two factors can be prevented and treatable.
Heterotopic ossification is a common complication of traumatic spinal cord injuries with a prevalence ranging from 5 to 50%, depending upon the studies design and the diagnosis method [1] [2] [3] [4] . The progression of heterotopic ossification may lead to decreases in the range of motion and anchylosis and has a negative impact on the rehabilitation processes 3 . The most affected joints are the hips (60%-70%) and knees (20%-30%) 1 . The etiology and pathogenesis of heterotopic ossification are still unknown, but some factors appear to favor its onset in patients with traumatic spinal cord injuries: gender, age, completeness of the injury, presence of spasticity and decubitus ulcers [5] [6] [7] [8] . However, various confounding and interactive factors may be present. despite the importance of heterotopic ossification, no studies were found which employed multivariate analyses to determine independent risk factors.
Therefore, the purpose of the present study was to determine, using a case-control design, the independent risk factors associated with the development of heterotopic ossification based upon a hospital sample of patients with spinal cord injuries.
Traumatic spinal cord injury of heterotopic ossification
Coelho and Beraldo method A total of 331 adult patients with traumatic spinal cord injuries were admitted to the Sarah Brasilia Hospital during the year of 1998. From this sample, patients younger than 15 years of age and with time since injury over two years were excluded. Thus, out of the 230 (70%) selected patients, 33 (14.4%, confidence intervals, CI95% 10.1 to 19.6) had periarticular heterotopic ossification in the hip and/or knee joints, as confirmed by X-rays. during the same period, 33 other patients were also investigated by images to exclude heterotopic ossification and this group served as controls, configuring a case-control design with a 1:1 ratio. All individuals' data included in the analysis were collected retrospectively based on medical records of patients hospitalized at Hospital SARAH Brasília, Spinal Cord Injury Program. The hospital's ethics committee approved the study.
The following variables were investigated: gender, age, and time since injury, both at hospital admission; length of stay; type of accident; other associated traumatic injuries; motor level and completeness of the injury 9 ; reports of previous rehabilitation;
degrees of spasticity; urinary tract complications; number of pressure ulcers; presence of deep venous thrombosis; and current or previous histories of smoking. For characterization purposes, a classification of the severity of heterotopic ossification was developed as follows: mild (tenuous neo-bone formation in soft tissues adjacent to the joints), moderate (ossification in tissues adjacent to various anatomical bone prominences with well defined contours and without articular anchylosis), and severe (wide extensions of the heterotopic ossification and the presence of anchylosis).
Spasticity of the limbs was assessed by the Ashworth scale 10 , which quantifies the resistance of the movement during passive extension movements. These scores range from zero (flaccid, F or zero) to 4 (the affected joint is rigid in flexion or extension). In the analyses, the degrees of spasticity were reclassified combining the scores: absent/mild (scores F, 1 and 2), moderate (score 3) and severe (score 4); absent/mild (scores F, 1 and 2) and moderate/severe (scores 3 and 4).
All data were processed using the ePI-INFO software (CdC version 6.04b). Chi-square, chi-square for tendency and Mannwhitney were employed to investigate the differences between groups according to the type of data. The criteria value to consider the variables for the multivariate analyses was p<0.10. The binary logistical regression analysis using the stepwise method (forward selection) was performed with SPSS 13.0. The logistical model made it possible to estimate the occurrence of heterotopic ossification, based upon the risk factors included in the analysis. The evaluation of model adjustment and adequacy was obtained by the method of Hosmer-Lemeshow 11 . Statistical significance for these analyses was established at p<0.05. ; **Chi-square for tendency; # 11 had urinary lithiasis, none had vesicoureteral reflux, 4 had hydronephrosis, and 20 had infection of the urinary tract. Of the 33 patients, 5 were submitted to surgery of the urinary tract and two had other complications, such as chronic renal failure and pyelonephritis; † Infection was the most frequent complication (18 cases); 6 had lithiasis, 2 had vesicoureteral reflux, 4 had hydronephrosis, 3 were submitted to surgery of the urinary tract and 2 had other complications.
Results
Among the 33 patients with heterotopic ossification, the hip joints were most affected with 21 cases, 14 of which were bilateral. The knees were also affected in six patients and, of those, just one was bilaterally. The severity of the heterotopic ossification was equally distributed with 11 patients for each classification levels (mild, moderate, and severe). In all cases and controls the automobile accidents prevailed (53%), following by firearm lesions (26%) and height fall (11%). However, there was a larger proportion of lesions from firearm among cases in relation to controls (36% vs. 15%; c 2 =3.88, p=0.048). There was no difference between the groups about associated lesions, with 14 cases and 18 controls (44% vs. 56%; c 2 =0.971; p=0.325). Fractures and dislocations (57%) predominate, equally distributed among the groups. In both groups predominated the fractures of the bones from the trunk in cases (58%) and the controls (46%). Previous physiotherapy was informed for more than two thirds of the individuals, without distinction between the groups (28 cases vs. 23 controls, c 2 =2.16; p=0.142).
There were no differences between medians of cases and controls for age (30.0 vs. 27.0 years) and hospital length of stay (1.5 vs. 1.8 months). However, the median time since injury was 3 times larger in cases, compared to controls (8.6 vs. 2.8 months; p=0.001). The number of pressure ulcers was categorized according to its median, i.e., none, one, or more than one. differences between the groups were found only for the variables related to the spasticity and number of pressure ulcers, both in the positive sense, in other words, as larger its magnitude, larger the association with the heterotopic ossification (Table 1) .
After adjusting for the confounding variables, the number of pressure ulcers and the time since the injury continued to show associations with the presence of heterotopic ossification. The association of spasticity and heterotopic ossification followed a dose-response pattern, although no significant (Figure) . Considering that the frequency of severe spasticity was low, with 20% of the total number of cases and controls, this variable was dichotomized: flaccid/absent/mild and moderate/severe. After Traumatic spinal cord injury of heterotopic ossification Coelho and Beraldo these adjustments, the final logistical model was obtained (Table 2) . Based on the adjusted odds ratio, it was possible to estimate that the presence of spasticity into three and four grades compared to those related to the absence or mild (F, 1, and 2 grades), lead to increases of 276% in the probability of being associated with heterotopic ossification. In addition, for each pressure ulcer, there was a probability of it being 105% higher in the patients who developed heterotopic ossification. Finally, every year of lesion increases in 322% this association (Table 2) .
discussion
The present study evaluated patients with traumatic spinal cord injuries with heterotopic ossification compared to controls. The bivariate analyses detected significant associations between the time of injury, number of pressure ulcers, degree of spasticity and firearm lesions with the development of heterotopic ossification. Based upon the final logistical model, the first three variables were independently associated, without interactions. Before considering these results, it is important to discuss methodological aspects involved in the investigation, as well as their implications.
The case-control design starts from the effects to identify the possible causes, configuring a typical retrospective study 12, 13 . In this type of study, the relative risks are estimated by the odds ratio. The knowledge of the odds ratio permits the prediction of the occurrence of the heterotopic ossification, but this does not mean that its presence necessarily implied the development of heterotopic ossification. The odds ratios were only indirect measures of this probability, since there may also exist associations with other determinants with various conditions of interest 12 . The case-control design has various limitations, such as the bias of prevalence, which can only be avoided when the most recent cases are included 12, 13 . The ideal situation would be to consider the initial stages of heterotopic ossification; however, this is a chronic condition and it is difficult to be identified early, unless employing a cohort design. To minimize this bias, it was decided not to include patients who had more than two years of spinal cord injury.
Another problem regarding case-control design is the selection of the control group and the lack of comparability between groups' characteristics. It is possible to restrict potential discrepancies by applying procedures, such as category limitations, matching, or making adjustments during the data analyses, like multivariate analysis 12 . Retrospective data may not be appropriate due to the lack of information in the medical records or because they were only based upon the subjects' recall. Because of this, it is important that the assessments should be conducted by an independent investigator, who is blind to the group assignments 12 . In this study the heterotopic ossification cases were not blind to the investigator. However, this fact should not be considered to be relevant, since the variables were objective and easily identified in the patients' medical records. On the other hand, among the advantages of the case-control design, it is a fact that it is adequate for the investigation of rare conditions and a rapid, practical, and low-cost method to test the interaction effects of a great number of factors, which could potentially be related to the research in question 12, 13 . There were several difficulties to carry out the study protocol in the present research. First, the establishment of the heterotopic ossification diagnosis must be considered. The option to employ the imagery methods was due to their reported high sensitivity and specificity for diagnosing late heterotopic ossification 14 . This method does not supply the precocious diagnosis, because it becomes positive only two to four weeks after the beginning of the clinical signs, when there is mineral increase in the osteoid matrix. Our criterion had purpose of correctly discriminate the patients with and without heterotopic ossification. Because this criteria we were limited about the number of patients to compose the control group. even so, considering a prevalence of the main risk factors for heterotopic ossification around 40% 5 , an alpha of 5% and a minimum odds ratio of 4.0, the calculated post hoc power of the study is of 76%, which is considered acceptable.
In the literature, various studies were found related to heterotopic ossification in patients with spinal cord injuries, which focused on the clinical, diagnostic, and treatment aspects. However, considering causality, particularly using case-control design, only six were found, all using only bivariate analyses. Scher 7 found association with complete lesions. weiss et al. 15 , and Hunter et al. 16 , studied patients with spinal cord and cerebral injuries and did not find any associations between heterotopic ossification and the histocompatibility antigens. However, Larson et al. 17 demonstrated an increased frequency of HLA-B27 in patients with spinal cord injuries and heterotopic ossification. The findings of Lai et al. 8 and Bravo-Payno et al. 5 deserve some attention because of their methodological similarities with our study. They also made diagnoses of heterotopic ossification based upon radiographic findings. From 14 variables studied by Lai et al. 8 , age, complete injuries, pressure ulcers, and spasticity showed association with heterotopic ossification. Out of the nine variables investigated by Bravo-Payno et al. 5 , three were associated with the development of heterotopic ossification: complete injury, pressure ulcers, and spasticity. The findings of the present study were somewhat similar and only differed regarding the age and the extent of the injuries.
To complete these considerations, the variables iden- : strength, biological gradient (dose-response curve), consistency, analogy, plausibility (coherence) and temporality (temporal sequence). Thus, it should be pointed out that the associations between the risk factors and heterotopic ossification have been shown to be strong (odds ratio >2, Table 2 ). The study also evidenced that as larger the number of pressure sore, degree of spasticity and the time since injury, more susceptible was the patient to developing heterotopic ossification. Those results are consistent with previous studies 5, 8 and other non-progressive neurological conditions, as in the cerebral lesion, which also complicated with heterotopic ossification 19, 20 . The three risk factors identified, as we will see ahead, are closely interrelated and, fundamentally, point to a cumulative effect of micro traumas. Finally, the chronological sequence among exposition to the risk factors and the outcome is a criterion little assisted in a case-control study 12 . It is known that an inflammatory process due to localized pressure, spasticity, micro traumas and hemorrhages, may be responsible for the development of pressure ulcers and ossification 5, 21 . In the same way, pressure ulcers could unchain spasticity and heterotopic ossification 8 . As we can observe, it is a triangle of interrelated conditions, where we do not have as to define precisely which is the trigger event. Among them, the time since injury also associates, demonstrating to be a slow process, progressive, cumulative and, possibly associated to a genetic susceptibility 17, 22 . Our results provide further evidence that spasticity, pressure ulcers and time since injury are independent risk factors, with a confounder effect among them, without interaction. It is believed that after premature mobilization, the traumatized and scar connective muscular tissues become the site of fibroblastic proliferation. Local metabolic alterations would be related with neovascular formation and, probably, they would influence in the development of heterotopic ossification, as they act in the cellular differentiation 23 . Furthermore, vasomotor abnormalities, as arteriovenous fistulas and vascular hyperplasia of the surround tissues, can be also relevant in this processes 23 . Thus, isolated or in combination, several theories have been proposed to determine the etiology of heterotopic ossification, which considered the mechanisms such as inductors of osteal matrices 24 , chemical factors 25 , tissue hypersensitivity, auto-immune responses, and genetic factors 16, 22, 24, 26 . Until now, no scientific support has been suggested for these hypotheses 16, 27, 28 . More recently, another interesting suggestion was added, including the contributions of a proprioception dysfunctions 29 . In summary, it appears that central and local mechanisms are involved in the process of heterotopic ossification. The central mechanisms may be genetic, hormonal, or metabolic, whereas the local mechanisms may also include microtraumas, immobilization, infections, pressure ulcers, and vasomotor disturbances.
Heterotopic ossification is a clinical complication of great impact since, depending on its extent, it may lead to various degrees of limitations in the range of motion and even anchylosis. In its more advanced stages, it can become an extremely disabling condition, limiting the objectives of the rehabilitation. Often, the patient is unable to neither assume the orthostatic and sitting positions nor adopt adequate postures due to anchylosis of one or more joints. while the exact mechanisms involved in its genesis are still unknown, it is important to identify the risk factors to be able to prevent and even detect this condition. In conclusion, it seems that spasticity, pressure ulcer, and time since injury are risk factors of heterotopic ossification in adult spinal cord injury patients with less than two years of injury. These results confirm previous abroad studies and call attention to the potential of prevention of this serious complication.
